23. Untch M, von Minckwitz G, Gerber B et al. Neoadjuvant chemotherapy with trastuzumab or lapatinib: survival analysis of the HER2-positive cohort of the GeparQuinto study (GBG 44 Background: Based on data from two multicenter, phase III clinical trials (Studies 301 and 305), eribulin (a microtubule dynamics inhibitor) is indicated in the European Union (EU) for patients with locally advanced or metastatic breast cancer (MBC) after ≥1 prior chemotherapy for advanced disease, including an anthracycline and a taxane in either the adjuvant or metastatic setting. Data from Studies 305 and 301 were pooled to investigate the efficacy of eribulin in various subgroups of patients who matched the EU label, including those with human epidermal growth factor receptor 2 (HER2)-negative and triple-negative disease.
introduction Long-term survival of women with advanced or metastatic breast cancer (MBC) remains poor [1, 2] with no single accepted standard of care once initial chemotherapy has failed [2, 3] . In March 2011, the microtubule dynamics inhibitor eribulin mesylate (eribulin) was approved by the European Medicines Agency (EMA) for the treatment of MBC in women who had received two or more prior chemotherapy regimens for their disease. This approval was based on results from a phase III, open-label, randomized study (Study 305/EMBRACE), in which eribulin was compared with treatment of physician's choice (TPC) in patients with locally recurrent or MBC who had received 2-5 prior chemotherapeutic regimens (including an anthracycline and a taxane for early or advanced disease), with ≥2 chemotherapies for advanced disease [4] . In this study, the median overall survival (OS) was significantly longer with eribulin than with TPC [hazard ratio (HR) 0.81; 95% confidence interval (CI) 0.67, 0.96; P = 0.014]. There was also a significant difference in favor of eribulin in progression-free survival (PFS), as assessed by the investigators (HR 0.76; 95% CI, 0.64, 0.90; P = 0.002), but not by independent review (HR 0.87; 95% CI 0.71, 1.05; P = 0.137) [4] .
In July 2014, the European Union (EU) indication for eribulin was expanded to include patients with locally advanced or MBC who had received one or more prior chemotherapeutic regimens for advanced disease (including an anthracycline and a taxane in either the adjuvant or metastatic setting, unless patients were not suitable for these treatments) [5] . Support for this indication came from Study 301, which compared eribulin with capecitabine in women with locally advanced or MBC receiving study treatment as their first-, second-, or third-line therapy, having previously received an anthracycline and a taxane [6] . In this study, a significant survival benefit for eribulin over capecitabine was not demonstrated in the overall population (HR 0.88; 95% CI 0.77, 1.00; P = 0.056); however, prespecified subgroup analyses showed a longer OS for eribulin compared with capecitabine in patients with human epidermal growth factor receptor 2 (HER2)-negative disease or triple-negative breast cancer (TNBC) (Twelves et al., manuscript under review) .
Two potential strategies to further investigate the differences in treatment effect observed in a subgroup of interest may include the development of a new randomized clinical trial specifically in this patient subgroup or a pooled analysis of relevant clinical data-the latter approach was conducted upon a request from the EMA. Data from Studies 305 and 301 were pooled to investigate the efficacy of eribulin in various subgroups of patients, including those with HER2-negative and TNBC. This first analysis was carried out with 77% and 82% of events in Studies 305 and 301, respectively [7] . Significant improvements in OS with eribulin versus the control arm were observed in some subgroups, including HER2-negative disease (HR 0.82; 95% CI 0.72, 0.93; P = 0.002) and TNBC (HR 0.74; 95% CI 0.60, 0.92; P = 0.006).
To provide clinicians with additional evidence specific to the patient population now approved in the EU for treatment with eribulin, here we report the efficacy of eribulin in patients pooled from Studies 305 and 301 who matched the EU label.
The current analysis differs from the previous pooled analysis [7] as it specifically assesses the efficacy of eribulin in the patient population defined according to the EU label, and in subgroups of interest (that were also investigated in the previous pooled analysis) based on more updated data. 
statistical analyses
The main objective of this pooled analysis was to assess OS and PFS in the pooled intent-to-treat population in patients who had received ≥1 prior line of chemotherapy in the advanced or metastatic setting, including prior exposure to anthracycline and taxane, in concordance with the EU label. Data were updated for Study 305 to 17 June 2013 after 95% of death events occurred. For Study 301, data are to 12 March 2012 after 82% of death events occurred. Investigator-assessed data were used for these analyses; independent assessments were only used for imputation for number of organs involved in the case of missing values. HRs for OS were based on a Cox model, with the study, prior capecitabine use, geographic region, and HER2 status used as stratification factors (in relevant subgroup analyses). Estrogenreceptor (ER) status and number of organs involved were used as covariates, if appropriate, in the sensitivity analyses. P values were estimated using stratified log-rank tests stratified as for HR. For the subgroup analyses, patients were analyzed by HER2 status ( positive, negative, or unknown), ER status ( positive, negative, or unknown), presence of TNBC, number of organs involved (≤2, >2), and the presence of visceral disease. These subgroup analyses were analyzed in patients who received eribulin versus the 'control arm' (which comprised patients treated with the comparator drug in Studies 305 and 301), and also for eribulin versus capecitabine, specifically. Interaction analyses with treatment*study were carried out for the overall population using a Cox model that was stratified by region, prior capecitabine treatment, and HER2 status, and with treatment, study, and treatment*-study as covariates. The estimate and inference were obtained within each study before pooling. Both studies were randomized and the line of treatment was balanced between the eribulin and control arms. Interaction analyses were also carried out for subgroup analyses using the Cox models Hazard ratio is estimated based on the Cox model with stratification factors of region, HER2 status, prior capecitabine use, and study. The median OS is adjusted by study. P value is estimated based on the stratified log-rank test.
a Patients with locally advanced or MBC who had received one or more prior chemotherapeutic regimens for advanced disease (including an anthracycline and a taxane in either the adjuvant or metastatic setting, unless patients were not suitable for these treatments). CI, confidence interval; EU, European Union; HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer; OS, overall survival. 
results
The overall group consisted of 1644 patients who had previously received at least one prior chemotherapy regimen for advanced disease, and were included in this analysis [eribulin: n = 946; control (TPC/capecitabine): n = 698]. Of these, 1160 patients had HER2-negative disease and a total of 489 patients were randomized to treatment with capecitabine in the control arm (45 and 444 patients from Studies 305 and 301, respectively). Baseline characteristics and demographics were generally well matched between the two treatment arms (Table 1) . Two hundred and twenty patients who received the study treatments as first-line therapy in Study 301 were not included in the current analysis.
In the overall group of 1644 patients who had received ≥1 prior chemotherapy regimens for advanced disease, OS was significantly longer in the eribulin versus the control arm (HR 0.85; 95% CI 0.76, 0.94; P < 0.01; Figure 1) ; the median OS was 15.0 months (inter-quartile range 17.3) versus 12.6 (inter-quartile range 17.8) months, respectively. Treatment with eribulin was also associated with a significantly longer PFS compared with the control arm (HR 0.87; 95% CI 0.78, 0.97; P < 0.05; median PFS: 3.9 versus 3.2 months, respectively; Figure 2 ).
Inclusion of a treatment*study interaction term in the model for OS or PFS confirmed lack of statistical evidence for treatment differences among Studies 305 and 301 (both P > 0.05). The objective response rate (ORR) was similar between the treatment groups, whereas clinical benefit rate was significantly higher with eribulin compared with the control (30% versus 27%, respectively; P < 0.05; supplementary Table S1 , available at Annals of Oncology online).
patient subgroups by receptor status and disease characteristics
In the 1160 patients with HER2-negative disease, OS was significantly longer with eribulin compared with the control arm (HR 0.84; 95% CI 0.74, 0.96; P < 0.01; median OS: 15.1 versus 12.0 months, respectively). Significantly longer OS with eribulin versus the control arm was also observed in the 352 patients with TNBC (HR 0.72; 95% CI 0.57, 0.90; P < 0.01; median OS: 12.4 versus 8.1 months, respectively).
Significant improvements were also observed in patients with ER-negative disease (P < 0.001), those without TNBC (P < 0.05), with >2 organs involved (P < 0.05), and in patients with visceral disease (P < 0.05; Figure 3) . No significant interaction between study and treatment was observed (P > 0.05), except in patients with non-visceral disease (P < 0.05; data not shown).
Eribulin significantly improved PFS compared with the control arm in patients with HER2-negative (P < 0.01), TNBC , based on investigator review. HR was estimated based on the Cox model without covariates, with stratification factors: study, region, HER2 status, and prior capecitabine use. For HER2 subgroup analysis, HER2 was not used as a stratification factor. P value is estimated based on the stratified log-rank test. a Patients with locally advanced or MBC who had received one or more prior chemotherapeutic regimens for advanced disease (including an anthracycline and a taxane in either the adjuvant or metastatic setting, unless patients were not suitable for these treatments). b A significant interaction between study and treatment was observed in this analysis when a treatment*study interaction term was used (P < 0.01; data not shown). CI, confidence interval; ER, estrogen receptor; EU, European Union; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; MBC, metastatic breast cancer; PFS, progression-free survival. original articles Annals of Oncology (P < 0.05), ER-positive disease (P < 0.05), and in patients with non-visceral disease (P < 0.05; Figure 2) . A significant interaction between study and treatment was only observed in the patients with ER-positive disease when a treatment*study interaction term was used (P < 0.01; data not shown). An additional analysis was conducted in patients with HER2-negative/ER-positive disease, as summarized in Figures 2 and 3 and supplementary Figure S1 , available at Annals of Oncology online.
sensitivity analyses
A sensitivity analysis with covariates of ER status and the number of organs involved was conducted for OS in the overall population and in the subgroups. The findings were consistent with the analyses without these added covariates (supplementary Figure S1 , available at Annals of Oncology online).
Comparative analyses were also conducted in patients who received eribulin versus capecitabine in the control arm, in the pooled patient population. Overall, eribulin significantly prolonged OS compared with capecitabine (HR 0.84; 95% CI 0.73, 0.96; P < 0.05; median OS: 15.2 versus 13.3 months, respectively). A similar benefit with eribulin compared with capecitabine was also observed in many of the subgroups analyzed, including patients with HER2-negative disease or TNBC (both P < 0.05; supplementary Figure S2 , available at Annals of Oncology online).
safety
For eribulin, the median number of treatment cycles was 5 (range, 1-65 cycles), and the median duration of treatment was 3.9 months (range, 0.7-45.1 months). For the comparator arm, the median number of treatment cycles was 4 (range, 1-61 cycles), and the median duration of treatment was 3.1 months (range, 0.03-51.8 months). Treatment emergent adverse events (TEAEs) occurred in 901 (96.7%) of 932 patients receiving eribulin and 629 (91.3%) of 689 patients in the comparator arm. Serious TEAEs occurred in 199 (21.4%) of patients on eribulin and 155 (22.5%) of those on the comparator, and TEAEs leading to therapy discontinuation occurred in 105 (11.3%) of eribulin patients and 94 (13.6%) of patients receiving comparator. Both treatment arms had manageable safety profiles consistent with their known TEAEs. TEAEs of any grade occurring in >10% of either arm and grade 3 or 4 TEAEs occurring in >2% of either arm are summarized in Table 2 .
discussion
This pooled analysis evaluated the efficacy of eribulin in 1644 patients with MBC who had received at least one prior chemotherapy regimen for advanced disease within the previously reported Studies 301 [6] and 305 [4] . The current analysis specifically assesses the efficacy of eribulin in the patient population Number of organs involved £2 >2
HER2 negative and ER positive Figure 3 . OS in patients who received eribulin according to the EU label a . HR was estimated based on the Cox model without covariates, with stratification factors: study, region, HER2 status, and prior capecitabine use. For HER2 subgroup analysis, HER2 was not used as a stratification factor. P value is estimated based on the stratified log-rank test. a Patients with locally advanced or MBC who had received one or more prior chemotherapeutic regimens for advanced disease (including an anthracycline and a taxane in either the adjuvant or metastatic setting, unless patients were not suitable for these treatments). b A significant interaction between study and treatment was observed in this analysis (P < 0.05; data not shown). Intent-to-treat population. CI, confidence interval; ER, estrogen receptor; EU, European Union; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; MBC, metastatic breast cancer; OS, overall survival. defined according to the EU label, and in subgroups of interest based on more updated data. The majority of patients in this analysis received eribulin in the third-line or higher setting due to the fact that all patients from Study 305 received treatment in the third-line or higher setting as per the study design [4] . The limitations of this pooled analysis include that it was not preplanned and the complicated nature of the pooling of data because the patient groups from the two studies (Study 301 and Study 305) varied in terms of the extent of prior chemotherapy. However, the statistical models and analysis used took these differences into account. Additionally, the two studies also differed in their control arms--while Study 301 used capecitabine as the active comparator, Study 305 used TPC. However, considering the lack of data from prospective studies in patient populations that match the current indication of eribulin [5] , this pooled analysis should provide clinicians with valuable additional data to aid treatment decisions.
The statistically significant differences observed in OS are a strength of these pooled analyses, since OS has been the gold standard end point in phase III oncology clinical trials since the 1980s [8] . While surrogate end points (e.g. PFS) can markedly reduce the number of patients needed to detect a statistically significant benefit (in comparison with OS analysis), meta-analyses have, however, shown that these are not always reliable and PFS and OS may only weakly correlate [9, 10] . The poor correlation between PFS and OS may be related to the composite nature of PFS as an end point, cross-over, and poststudy anticancer therapies [11] .
In our pooled analysis, the median OS was significantly longer with eribulin compared with the control arm. The HRs were similarly in favor of eribulin both in the overall analysis and in the sensitivity analysis, which included ER status and the number of organs involved as covariates due to the large treatment effects observed. By adjusting for these factors, which are also considered prognostic in patients with MBC [12] , the sensitivity analysis aimed to balance the impact of these two subgroups on the overall effects of treatment on OS. Treatment with eribulin was also associated with significantly longer PFS.
Treatment of HER2-positive tumors by chemotherapy alone is considered when therapies comprising anti-HER2 agents are contraindicated or not available. In contrast, chemotherapy is the standard of care in patients with HER2-negative breast cancer, which constitutes ∼85% of women with MBC [13] , and is associated with poor prognosis and limited effective treatment [14] . Clinical studies of eribulin in the context of targeted HER2 are ongoing and should provide additional insight for eribulin treatment of HER2-positive tumors. Given that patients with HER2-negative disease represented a large subset of the population in Studies 305 and 301, and HER2 status was a stratification factor in both, the current analysis of this subgroup is of interest, and seems both robust and valuable. The current analysis demonstrated that eribulin substantially improved OS compared with control treatments in this subgroup of pooled patients, irrespective of the analysis model used.
In our pooled analysis, benefits with eribulin compared with the control were also observed in other subgroups of interest, such as patients with TNBC or ER-negative disease, with these improvements again achieving nominal statistical significance.
Capecitabine, as a single agent, is a commonly used option beyond first-line treatment. As patients treated with capecitabine represented the largest subgroup in terms of treatment type in the comparator arm in this analysis, it allowed for comparisons to be made versus the patients treated with eribulin. The pooled analysis of all patients treated with eribulin versus capecitabine represents an interesting set of data to help place eribulin in the hierarchy of treatment. Ultimately, the choice to administer eribulin in the second line or higher setting will likely depend on both patient preference and toxicity profile following exposure to first-line treatment. Our pooled analyses suggest that treatment with eribulin compared with capecitabine significantly improves OS. The eribulin benefits were maintained in subgroups of patients with HER2-negative, ER-negative, or TNBC disease, among others, suggesting a tendency for longer survival outcomes with eribulin compared with capecitabine.
conclusions
These data provide an assessment of the efficacy of eribulin in patients with MBC which matched the EU label. In this pooled analysis, eribulin was associated with longer OS than the control arm in the overall patient population and in various subgroups, including patients with HER2-negative disease and TNBC. Our dataset is extensive and the analyses appear to be robust with eribulin repeatedly demonstrating a survival benefit in comparison with control treatment. Our findings support the use of eribulin earlier in the treatment paradigm for patients with MBC that matched the target population as defined in the EU label.
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